The backbone of D-glucosamine hydrochloride was fine-tuned and modified by protecting the hydroxyl groups. In order to reduce imines with trichlorosilane, the carbohydrate-derived organocatalysts were prepared and screened. Methyl-4,6-O-benzylidene-2-amino-2-deoxy-α-D-glucopyr anoside was found as the best catalyst. The reduction was proceeded under CHCl3 as solvent at 40˚C, affording 68% -94% yield.
Introduction
The reduction of imines is an attractive approach for preparing amines, which have a wide application in the pharmaceuticals, agricultural chemicals and bioactive compounds [1] . In addition to the reductive amination catalyzed by the transition metals [2] , boranes [3] and borohydrides [4] , an organocatalytic approach is a promising method to obtain amine compounds [1] . In the organocatalytic approach, trichlorosilane and Hantzsch dihydropyridine were separately used as reducing agents for the reduction of imines in the presence of organocatalyst. Moreover, organocatalysis has received hot attention to catalyze the reaction. In spite of the rapid development of organocatalysts, it is important to continue exploiting and developing more organocatalysts.
Until now, carbohydrates have been developed as organocatalysts for application in organic synthesis [5] . In 2007, Becker et al. [6] reported enantioselective Streck and Mannich reactions catalyzed by D glucosa-minederived bifunctional urea schiff base organocatalysts. Subsequently, Becker et al. [7] synthesized carbohydratederived bifunctional primary amine-thiourea catalysts to catalyze Michael addition of aromatic ketones with nitroolefins. In 2003, Dekamin et al. [8] used the chitosan as recoverable and reused catalyst for the expeditious synthesis of α-amino nitriles and imines under mild conditions. In our preliminary work, we developed the carbohydrate-derived amino alcohols [9] and novel carbohydrate-derived prolinamide [10] to catalyze asymmeteric
The Synthesis of Carbohydrate Derived Organocatalysts 4-5
The carbohydrate derived organocatalysts 4-5 were prepared by previously described methods. [9] 
General Experimental Procedure for the Reduction of Imines with Trichlorosilane
Catalyzed by 5a
To a stirred solution of imine 6 (0.5 mmol) and catalyst 5a (25 mg, 0.05 mmol) in dry CHCl 3 (2 mL) was added the trichlorosilane (0.1 ml, 1 mmol) at 0˚C and the reaction mixture was stirred at 0˚C for 24 h. Then, saturated NaHCO 3 (2 ml) was added and extracted with CHCl 3 (3 × 5 ml 
Results and Discussion
First we attempted to synthesize the carbohydrate-derived organocatalysts (Scheme 1). The amino group in the position C-2 of D-glucosamine hydrochloride 1 was first protected by acetylation. The hydroxyl group in the position C-1 was modified by glycoside and benzyl glycoside. Then the hydroxyl groups in the position C-4 and C-6 were protected by benzylidene acetal. Finally, the acetyl group in the position C-2 was removed by alkaline alcohol solution. The carbohydrate-derived alcohols 5 were obtained.
In order to screen the catalysts (Figure 1) , the reduction of imine 5a with trichlorosilane was investigated as a model reaction. The results of the catalysts screening and condition optimizations are summarized in Table 1 . In our initial practice, we attempted to use carbohydrate-derived amino alcohols 5a and 5b as catalysts at room temperature, affording 74% yield and 63% yield separately ( a The reactions were carried out with 10 mol % catalyst and 2.0 equiv of SiHCl3 on a 0.5 mmol scale in 2.0 mL of solvent for 24 h. b Isolated yield based on the imine.
acetamide alcohols 4a and 4b also could catalyze the reduction of imine 6a (Table 1, entries 3-4) . The 67% yield and 61% yield were obtained separately. Thus, the catalyst effect of carbohydrate-derived amino alcohols 5a was best. Then the optimization of reaction conditions was studied. The effect of solvent was firstly investigated ( Table 1 , entries 1, 5-7). We found that trichloromethane was the best solvent affording the product with 81% yield (Table 1, entry 6) . Therefor, the reaction temperature was further studied (Table 1, entries 1, 8-9 ). The best result was obtained at 40˚C, affording 91% yield (Table 1, entry 9) . Thus, we selected 40˚C as the best temperature in this reaction.
Encouraged by these results, the substrate scope of the reduction of imines with trichlorosilane was further studied under the optimized conditions. The results were summarized in Table 2 . For aromatic N-Ph imines 6b-6g with electron-withdrawing groups, only 68-77% yields were obtained ( Table 2, entries 2-4) . When aromatic N-Ph imines 6c-6e with electron-donating groups were reduced, the yields were increased to 94-95% (Table 2, entries 5-6). The benzyl N-Ph imine 6h could afford the 91% yield (Table 2, entry 7) . Phenyl N-aryl imines 6i-6k with electron-withdrawing groups could be reduced in 78-82 yields (Table 2, entries 9-11). When the Phenyl N-aryl imine 6l with electron-donating group, the yield was also increased (Table 2, entry 12) . N-aryl propiophenone imines were similar to N-Ph acetophenone imines, affording the 78% -89% yields ( Table 2 , entries 13-15).
Conclusion
In sum, we have described carbohydrate-derived organocatalyst for the reduction of imines with trichlorosilane. The backbone of D-glucosamine hydrochloride was fine-tuned and modified. The amino group in the position C-2 was first protected by acetylation. The hydroxyl group in the position C-1 was modified by glycoside and benzyl glycoside. Then the hydroxyl groups in the position C-4 and C-6 were protected by benzylidene acetal. Finally, the acetyl group in the position C-2 was removed by alkaline alcohol solution. The carbohydrate-derived organocatalysts were screened. Methyl-4,6-O-benzylidene-2-amino-2-deoxy-α-D-glucopyranoside was selected as the best catalyst. This reduction reaction of imines with trichlorosilane could be carried out in CHCl 3 at 40˚C, affording 68% -94% yield. 
